Carbon fiber (CF) fabrics can be installed manually onto the surfaces of existing structural members to establish a carbon fiber reinforced polymer (CFRP) reinforcemenet system, even in areas of limited access. Actual mechanical properties, such as the ultimate tensile strength (UTS), elastic modulus (EM), and ultimate rupture strain (URS), are essential for application in engineering practice and theoretical analysis of CFRP strengthening system. In this study, 16 CFRP strips were prefabricated of unidirectional CF sheet by a wet lay-up technique, and were tested to evaluate their elastic parameters. Test results indicated that experimental values of all specimens were much lower than that of CF fabrics, which were provided by manufacturer, and the stressstrain curves were observed to deviate slightly from a perfectly linear relationship at the later stage of loading. Comparing with the predictions of the rule of mixtures (ROM), the experimental data have large deviations and opposite laws. An orientated-design model was derived to modify the linear ROM by the regression analysis. A modified rule of mixtures (MROM) was suggested to describe the elastic properties of CFRP composite in the parallel direction.
INTRODUCTION
Carbon fibre reinforced polymer (CFRP) composite is widely used in aerospace industry, automobile manufacture, sports goods, and civil engineering. In the field of civil engineering, CFRP has proved itself over 30 years in structural engineering applications, and also presented its cost-effective in fabric of roof structures, deck gratings, and most external bonded strengthening system. CFRP has been one notable material in these applications because of its low creep, and typically high strength, e.g., 3000 MPa ultimate tensile strength, about 10 times the strength of mild steel.
CFRP composites consist of two parts, carbon fibre and matrix. Carbon fibre provides the strength; and the matrix is usually a polymer resin to bind the carbon fibre reinforcements together. Unlike steel or aluminium, CFRP composite is an anisotropic material with directional strength properties. With the increasing application of CFRP composites in structural engineering, some studies have been conducted to predict and evaluate the mechanical properties of CFRP composites. Although some design guidelines Full Article and codes have been issued in many countries, there remain some problems and hesitations about implementing this alternative materials due to the lack of standardization of the carbon fibre and resin matrix on the market, and determining the characteristic value of material parameters for CFRP composites, such as the elastic modulus (EM), ultimate tensile strength (UTS), and others. Moreover, the mechanical properties of CFRP composites are sufficiently dependent on the preparation method and preparation procedure, and the mechanical properties of CFRP composites produced by different preparation procedures always appear remarkable differences.
In civil engineering, carbon fibre (CF) sheet is usually installed manually onto the surfaces of existing structural members to increase the load capacity (such as old buildings and bridges), and to enhance the ductility of building and bridge columns by wrapping around sections in earthquake-prone areas [1] . It can form around complex surfaces even in areas of limited access without significantly change to existing member dimensions adding dead loads. In general, two types of CF sheet bonding method can be applied to strengthen the concrete structures, steel structures, and masonry walls. The first method, 'dry lay-up', involves following steps, applying the surface primer on the bonding surface, cutting the dry CF sheet into proper width and length, setting the dry CF sheet impregnated resin and pressing to the CF sheet using a rib roller, repeating these operation procedures as needed, and applying optional topcoat. The second method, 'laminate bonding', involves prefabricating a wide CFRP lamina containing several layers of CF sheet by 'wet lay-up' techniques, and then bonding the CFRP prefabricated lamina to the structural surface. Either by 'dry layup' or 'wet lay-up', after embedding fibres in resin matrix, the usable ultimate tensile strength (UTS), elasticity modulus (EM), and ultimate rupture strain (URS) of CFRP prefabricated laminas are much lower than that of fibre fabrics provided by manufacturer [2] . Therefore, how to determine the actual values of UTS, EM, and URS for CFRP composites is a key issue in CFRP strengthening system. Lam and Teng [3] suggested that the actual mechanical parameters of CFRP composites should be assessed exactly to better analyze and simulate the externally bonded strengthening system.
EXPERIMENTAL STUDIES ON THE ELASTIC PROPERTIES OF CARBON FIBER REINFORCED POLYMER COMPOSITES PREFABRICATED OF UNI-DIRECTIONAL CARBON FIBER FABRICS AND A MODIFIED RULE OF MIX-TURES IN THE PARALLEL DIRECTION
Actual material parameters of CFRP composites prefabricated of CF sheet and resin matrix, such as UTS, EM, and URS, are essential for application in engineering practice and theoretical studies of the CFRP strengthening system. In this study, 16 CFRP strips prefabricated of unidirectional CF fabrics in a wet lay-up process are tested to evaluate their elastic parameters. By comparing the experimental data with the predictions of rule of mixtures (ROM), an orientated-design model is derived to modify a linear rule of mixtures and to give more accurate design values of material properties in the externally bonded reinforcement system.
MODELS FOR FRP COMPOSITE MATE-RIALS
In composite material science [4] and mechanics of composite materials [5] , a rule of mixtures (ROM) based on the concept of weighted mean is usually used to predict various mechanical parameters of a composite material which is consisted of continuous and unidirectional fibres and matrix. The ROM is based on the following assumptions:
(1) Fibres distribute homogeneously in the matrix. The strain on the matrix equals the strain on fibre and the total strain on the FRP composite.
(2) Bonding between fibres and matrix is perfect (no voids in matrix, and no damages in fibres). (3) Laminated composite is initially in a stress-free state (no residual stresses). (4) The mechanical behavior of CFRP composite is linear, because the rupture strain of carbon fibre is much lower than the matrix yield strain. This has been verified by a large number of experiments. Generally, for some material properties, the ROM describes that the UTS and EM in the fibre direction may be as high as,
(2) Where, Besides the ROM, many scholars gave different designed models for analysing elastic parameters of composite materials from different research Dierctions. In 1960's, Hill [6] [7] and Hashin [8] [9] derived a set of famous mesomechanical equations. Hopkins and Chamis [10] modified the ROM and proposed their model equations in 1985. Kim et al. [11] used the ROM of Voigt model and Reuss model to do some research into the mechanical response of composites with uniformly distributed particles.
Compared with the ROM, Hill-Hashin model is more complex, and difficult to be applied by engineers; Hopkins-Chamis model is more suitable to metal matrix composites; Voigt model and Reuss model are fit for composites with the soft and hard particles. Generally, ROM is still widely applied in FRP strengthening analysis and design by researchers and engineers [12] .
Experimental Studies on the Elastic Properties of Carbon Fiber Reinforced Polymer Composites Prefabricated of Unidirectional Carbon Fiber Fabrics and a Modified Rule of Mixtures in the Parallel Direction
In this study, MBrace CF130 is employed to prefabricate the CFRP laminated composite. MBrace CF130, shown in Fig. 1 , is composed of aerospacegrade carbon fibres in a unidirectional alignment with a glass fibre cross weave yarn (white lines in Fig. 1 ). Main performance indexes are summarized in Table 1 [13]. 
Epoxy encapsulation resin
MBrace Saturant recommanded by BASF is adopted to encapsulate MBrace CF fabric. It is the mixture of Part A (hardener) and Part B (resin) with a ratio of 3:1 by volume, as in Fig. 2 . It can be installed in horizontal, vertical, and overhead positions. After measuring the volumes of Part A and Part B, Part A is added into Part B. The mixture of two Parts is stirred by a 600 rpm-speed drill and mixing paddle at least 5 minutes. In this procedure, the container should be warily scraped while mixing, and kept the -4 -l alignment with a glass fiber cross weave yarn (white lines in Figure 1 ). Main indexes are summarized in Table 1 unidirectional alignment with a glass fiber cross weave yarn (white lines in Figure 1 ). Main performance indexes are summarized in Table 1 [13]. Figure 2 . 
Preparation of tensile specimens

CFRP flat coupons prefabricated of CF130
The CFRP flat coupons are manufactured by a wet lay-up manual technique involving the impregnation of carbon fibre sheet and resin matrix. A unidirectional MBrace CF130 sheet is cut into the proper sizes by knife. The mixture is impregnated thoroughly into surface of a piece of CF130 sheet. After drying it about 5 minutes, next layer of CF130 can be laid on it. A rib roller is used to press the CF fabrics until visual signs of the mixture are conserved to penetrate through the fabrics. The roller runs along the direction of primary fabers in fabric. These processes are continued until the final layer of -4 - Figure 1 MBrace CF130: unidirectional CF sheet with non-structural weave in secondary direction Figure 2 . It can be installed in horizontal, vertical, and overhead positions. After measuring the volumes of Part A and Part B, Part A is added into Part B. The mixture of two Parts is stirred by a 600 rpmspeed drill and mixing paddle at least 5 minutes. In this procedure, the container should be warily scraped while mixing, and kept the paddle under the mixture surface to avoid entrapping air. Main properties of MBrace Saturant are listed in Table 2 [14]. The CFRP flat coupons are manufactured by a wet lay-up manual technique impregnation of carbon fiber sheet and resin matrix. A unidirectional MBrace CF1 into the proper sizes by knife. The mixture is impregnated thoroughly into surface CF130 sheet. After drying it about 5 minutes, next layer of CF130 can be laid on it. used to press the CF fabrics until visual signs of the mixture are conserved to pen the fabrics. The roller runs along the direction of primary fabers in fabric. These continued until the final layer of CF130 sheet. Lastly, a coating of mixture is applie of CF130 sheet to completely encapsulate carbon fibers. All CFRP flat coupons, a are cured in the laboratory condition longer than 7 days. 
Tensile specimens
All tensile specimens are prepared in accordance with ASTM [ ] and GB/T1447 [1, 16] , and cut directly from the CFRP flat coupons, as in Fig. 4 . Aluminium tabs are required and affixed on the specimen ends to transfer forces during a tensile test, as in Fig. 5 . Details of all specimens are summarized in Table 3 . In Table 3 , the thickness (t 0 ) is the average value of measurement data from three different positions; one is from mid-span while the others are from two ends. The volume fraction of fibres is approximately calculated by f=nx0.165/t 0 . The nominal thickness of CF130 is 0.165 mm/ply.
Experimental apparatus and loading program
All tensile specimens are tested in the direction parallel to the fibres on a hydraulic tensile test machine with a maximum load of 200 kN. Before conduct--5 -g it about 5 minutes, next layer of CF130 can be laid on it. A rib roller is rics until visual signs of the mixture are conserved to penetrate through ns along the direction of primary fabers in fabric. These processes are ayer of CF130 sheet. Lastly, a coating of mixture is applied over the top etely encapsulate carbon fibers. All CFRP flat coupons, as in Figure 3 , y condition longer than 7 days. [15] and GB/T1447 [1, 16] , and P flat coupons, as in Figure 4 . Aluminium tabs are required and affixed o transfer forces during a tensile test, as in Figure 5 . Details of all ed in Table 3 . In Table 3 , the thickness ( ing tensile experiments, the load range of the tensile machine is adjusted to 100 kN according to the estimated failure loads of specimens, as in Fig. 6 . According to the requirements of ASTM [15] and GB/T1447 [16] , a movement speed of the collet of machine is set as approximate 2 mm/min. Loads are measured by a pressure transducer with 100 kN measurement range. Two 10 mm strain gauges are attached on both sides of specimen at the middle of length to mearsure the tensile strains, as in Fig. 4 . Each specimen is loaded until failure; and the data of loads and strains are collected by a data acquisition system and saved in a digital database. This set of experimental apparatus is employed in determining the UTS, EM, and URS of all specimens. 
EXPERIMENTAL RESULTS AND DISCUS-SIONS 4.1 Experimental results
Tensile test parallel to the fibre direction is conducted to study the mechanical behaviors of these CFRP specimens. Experimental results indicate that the UTS of CFRP composite in the fibre direction is much higher than that of mild steel. In the experiment, several specimens emerge rupture failures near the aluminium taps, which result in premature failures, such as the Strip-D-5. In this case, the test All tensile specimens are tested in the direction parallel to the fibers on a hydra test machine with a maximum load of 200 kN. Before conducting tensile experimen range of the tensile machine is adjusted to 100 kN according to the estimated failu specimens, as in Figure 6 . According to the requirements of ASTM [15] and GB/T1 movement speed of the collet of machine is set as approximate 2 mm/min. Loads ar by a pressure transducer with 100 kN measurement range. Two 10 mm strain gauges on both sides of specimen at the middle of length to mearsure the tensile strains, as Each specimen is loaded until failure; and the data of loads and strains are collecte acquisition system and saved in a digital database. This set of experimental a employed in determining the UTS, EM, and URS of all specimens. 
Experimental results
Tensile test parallel to the fibre direction is conducted to study the mechanical b these CFRP specimens. Experimental results indicate that the UTS of CFRP comp fiber direction is much higher than that of mild steel. In the experiment, several emerge rupture failures near the aluminium taps, which result in premature failures, Strip-D-5. In this case, the test data are not available. Figure 7 shows the stress-strain responses of CFRP specimens with 3-layer CF include Strip-A-3, Strip-B-3, Strip-C-3, Strip-D-3. Four specimens strongly perform elastic behaviors up to the ultimate tensile strengths of CFRP prefabricated strips. T rupture strains of specimens are lower than that of carbon fiber fabrics and the yie Saturant. From the curves, the ultimate rupture strains of specimens are also muc yielding strain of matrix. Test results confirm that the carbon fibers rupture before phase starts to deform plastically. Figure 5 Tensile specimens with aluminium tabs The ultimate rupture strains of specimens are lower than that of carbon fibre fabrics and the yield strain of Saturant. From the curves, the ultimate rupture strains of specimens are also much lower the yielding strain of matrix. Test results confirm that the carbon fibres rupture before the matrix phase starts to deform plastically. The elastic parameters of CFRP specimens with different layers, such as UTS, URS, and EM, take the average values of four specimens (A, B, C, and D) in the same group except for invalid data, and are summarized in Table 4 . Although the readings of gauges on the two sides are very close, the strain of each specimen still takes their average. The UTS of The elastic parameters of CFRP specimens with different layers, such as UTS, URS, and EM, take the average values of four specimens (A, B, C, and D) in the same group except for invalid data, and are summarized in Table 4 . Although the readings of gauges on the two sides are very close, the strain of each specimen still takes their average. The UTS of each specimen is computed based on the real thickness in Table 3 . The EM is obtained from UTS and URS, each specimen is computed based on the real thickness in Table 3 . The EM is obtained from UTS and URS,
Experimental Studies on the Elastic Properties of Carbon Fiber Reinforced Polymer Composites Prefabricated of Unidirectional Carbon Fiber Fabrics and a Modified Rule of Mixtures in the Parallel
Discussions
Although the stress-strain curves of CFRP specimens are perfectly linear, these couves deviate slightly at late loading, especially the specimens with 5 layers, as in Fig. 7 and Fig. 8 . These have been previously reported by some researchers [17] . With the increasing of load, the strain gradients between carbon fibres and matrix will also increase. Due to the stiffening effect of high-elastic modulus CF to resin matrix in the course of deflection deformation, these curves deviates silghtly from the linear elastic relationship at later stage of loading. However, this deviation is very slightly and vanishes when the linear elastic property of CFRP composite is described. Table 4 indicates that the volume fraction of fibre (f) increases tinily with the number of layers increased. The UTS and URS are opposite, the UTS reduces rapidly as the layers increase, while the URS also declines quickly. The reason that the UTS and URS decline with the number of layers increasing lies in the risk of defects rising in the process of handmade prefabrication including the fibre damages, residual stresses, voids, fibre-fibre misalignment, fibre-dipped resin embrittlement, and others. For the CFRP specimens with 2 layers, the average material properties are established to be 876. ), which are calculated based on the average thickness. For the specimens with 5 layers, UTS, URS, and EM are 411 MPa, 1.11 %, and 37.10 GPa respectively. It is well known that the strength and ductility of rolled steel plates generally decrease with the thickness increasing due to the inevitable defects. 37.10 script 0 of all symbols signs the experimental value of the corresponding stress-strain curves of CFRP specimens are perfectly linear, these couves late loading, especially the specimens with 5 layers, as in Figure 7 and Figure n previously reported by some researchers [17] . With the increasing of load, the tween carbon fibers and matrix will also increase. Due to the stiffening effect dulus CF to resin matrix in the course of deflection deformation, these curves from the linear elastic relationship at later stage of loading. However, this slightly and vanishes when the linear elastic property of CFRP composite is ates that the volume fraction of fiber ( f ) increases tinily with the number of he UTS and URS are opposite, the UTS reduces rapidly as the layers increase, o declines quickly. The reason that the UTS and URS decline with the number g lies in the risk of defects rising in the process of hand-made prefabrication r damages, residual stresses, voids, fiber-fiber misalignment, fiber-dipped resin others. For the CFRP specimens with 2 layers, the average material properties be 876.2 MPa for UTS ( 0 frp t, f ), 1.39 % for URS ( 0 frp t, ), and 58 GPa for EM calculated based on the average thickness. For the specimens with 5 layers, M are 411 MPa, 1.11 %, and 37.10 GPa respectively. It is well known that the lity of rolled steel plates generally decrease with the thickness increasing due to cts. e regression between the UTS and the CF layer number shows that there is a orrelation between them, as in Figure 9 . The regression equation is as follows, n f 69 . 
Although the stress-strain curves of CFRP specimens are perfectly linear, these couves deviate slightly at late loading, especially the specimens with 5 layers, as in Figure 7 and Figure  8 . These have been previously reported by some researchers [17] . With the increasing of load, the Moreover, the regression between the UTS and the CF layer number shows that there is a significant linear correlation between them, as in Fig. 9 is the UTS of CFRP composite in the parallel direction of carbon fibre (MPa); n is the number of CF sheets.
According to the experimental data and Fig. 5 , the UTS of CFRP composites prefabricated manually of CF130 decrease linearly with the increase of fibre layer number. When the number of CF130 layers reaches five, the experimental value of UTS of CFRP composite is close to that of mild sttel. Based on the equation (4), the UTS of CFRP composite is lower than that of mild steel if the number of CF130 is six. Therefore, when external bonding CFRP is used to strengthen structural elements, the number of carbon fibre sheets should be no more than 5, due to the inevitable defects in the wet lay-up process. By regression analysis between the URS, EM and the CF layer number, the URS and EM show a parabolic curve relationhip with the number of CF layers, as in Fig. 10 and 11 . The regression equations -10 -the number of CF130 layers reaches five, the experimental value of UTS of CFRP composite is close to that of mild sttel. Based on the equation (4), the UTS of CFRP composite is lower than that of mild steel if the number of CF130 is six. Therefore, when external bonding CFRP is used to strengthen structural elements, the number of carbon fiber sheets should be no more than 5 due to the inevitable defects in the wet lay-up process. Number of layers UTS, MPa Figure 9 Linear correlation between the UTS and CF layer number By regression analysis between the URS, EM and the CF layer number, the URS and EM show a parabolic curve relationhip with the number of CF layers, as in Figure 10 is the EM of CFRP composite in the parallel direction of carbon fibre (MPa); n is the number of CF sheets. As above suggestion, it is reasonable from 2 to 5. Number of Layers EM, GPa Figure 11 Parabolic correlation between the EM and CF layer number . Oriented-Design Model .1 Prediction of ROM To the CFRP laminas prefabricated manually of undirectional CF130 sheet, the elastic roperties in the parallel direction of carbon fiber can be obtained by equations (1) and (2), in able 5. It indicates that the UTS and EM predicted by linear ROM are almost linear growth as e layer increasing, because the volume fraction of fiber increases slightly with layer number crease. 
Prediction of ROM
To the CFRP laminas prefabricated manually of undirectional CF130 sheet, the elastic properties in the parallel direction of carbon fiber can be obtained by equations (1) and (2), in Table 5 . It indicates that the UTS and EM predicted by linear ROM are almost linear growth as the layer increasing, because the volume fraction of fiber increases slightly with layer number increase.
parallel direction of carbon fibre can be obtained by equations (1) and (2), in Table 5 . It indicates that the UTS and EM predicted by linear ROM are almost linear growth as the layer increasing, because the volume fraction of fibre increases slightly with layer number increase.
In terms of the elastic modulus of the CFRP composite by comparing the prediction of ROM and the experimental value, Fig. 12 indicates that predictions of ROM and experimental values have different trends with CF layer changing. In Fig. 12 , the experimental values decline with the increased number of layers can be attributed to the defects in the manually prefabricated process and the misalignment of the carbon fibre direction and the tensile force. However, these statements are difficult to explain the higer-than-predicted values for the specimens with 2 layers, 3 layers, and 4 layers. ROM is set on the linear-elastic hypothesis; the resin matrix is actual of a typical elastic-plastic material. In fact, before the resin matrix yielding, carbon fibres with higher elastic-mudulus have a stress stiffening effect on the elastic-plastic matrix. Regard as the specimens of 5 layers, this stress stiffening effect is offset by more defects of handmade prefabrication. Therefore, if the ROM was applied to the EM of a CFRP composite, the analysis would lead to a big deviation and an irrational result. In terms of the elastic modulus of the CFRP composite by comparing the prediction of ROM and the experimental value, Figure 12 indicates that predictions of ROM and experimental values have different trends with CF layer changing. In Figure 12 , the experimental values decline with the increased number of layers can be attributed to the defects in the manually prefabricated In terms of the elastic modulus of the CFRP composite by comparing the prediction of RO and the experimental value, Figure 12 indicates that predictions of ROM and experimental valu have different trends with CF layer changing. In Figure 12 , the experimental values decline w the increased number of layers can be attributed to the defects in the manually prefabricat process and the misalignment of the carbon fiber direction and the tensile force. However, the statements are difficult to explain the higer-than-predicted values for the specimens with 2 laye 3 layers, and 4 layers. ROM is set on the linear-elastic hypothesis; the resin matrix is actual o typical elastic-plastic material. In fact, before the resin matrix yielding, carbon fibers with high elastic-mudulus have a stress stiffening effect on the elastic-plastic matrix. Regard as specimens of 5 layers, this stress stiffening effect is offset by more defects of handma prefabrication. Therefore, if the ROM was applied to the EM of a CFRP composite, the analy would lead to a big deviation and an irrational result. Figure 13 indicates the opposite trends by the observation to the ultimate tensile strengths ROM and experimental data. Regard to the UTS, the experimental value of specimens with t layers is higher than the prediction of ROM. It can be verified that the main factors impacting the UTS are the handmade defects and fiber-loading misalignment, rather than the stress stiffn effects on the resin matrix. For the ROM, previous assumption (2) and assumption (3) are rigorous that these assumptions are very difficult to be perfectly satisfied in practice. Thus, wh Fig. 13 indicates the opposite trends by the observation to the ultimate tensile strengths of ROM and experimental data. Regard to the UTS, the experimental value of specimens with two layers is higher than the prediction of ROM. It can be verified that the main factors impacting on the UTS are the handmade defects and fibre-loading misalignment, rather than the stress stiffness effects on the resin matrix. For the ROM, previous assumption (2) and assumption (3) are so rigorous that these assumptions are very difficult to be perfectly satisfied in practice. Thus, when the ROM is used to calculate the UTS of a CFRP composite, the analysis will result in a significant error to the experimental value. 
Experimental Studies on the Elastic Properties of Carbon Fiber Reinforced Polymer Composites Prefabricated of Unidirectional Carbon Fiber Fabrics and a Modified Rule of Mixtures in the Parallel
Modified Rule of Mixtures
Based on the assumption of equal strain and the concept of weighted mean, the linear ROM has been presented physical conception and simplified expression form, thus it is available in practice. However, these assumptions of ROM are quite limited and very hard to manual installation, especially the fibres parallel to the loading direction, and there are no flaws and no residual stresses in the handmade -13 -ROM is used to calculate the UTS of a CFRP composite, the analysis will result in a nificant error to the experimental value. Modified Rule of Mixtures Based on the assumption of equal strain and the concept of weighted mean, the linear ROM s been presented physical conception and simplified expression form, thus it is available in ctice. However, these assumptions of ROM are quite limited and very hard to manual tallation, especially the fibers parallel to the loading direction, and there are no flaws and no idual stresses in the handmade FRP composites. As is known to all, resin matrix is a elasticstic material, residual stresses and other defects will be inevitably in the CFRP composites talled by layer-by-layer manual operation.
Two correction coefficients are defined to modify the linear ROM. A modified rule of xtures (MROM) can be given as,
ere, uts and em are the correction coefficients of UTS and EM for CFRP composites. In fact, o correction coefficients are the ratio of the experimental value to the prediction of ROM, in ble 6. the ROM is used to calculate the UTS of a CFRP composite, the analysis will result in a significant error to the experimental value. 
Based on the assumption of equal strain and the concept of weighted mean, the linear ROM has been presented physical conception and simplified expression form, thus it is available in practice. However, these assumptions of ROM are quite limited and very hard to manual installation, especially the fibers parallel to the loading direction, and there are no flaws and no residual stresses in the handmade FRP composites. As is known to all, resin matrix is a elasticplastic material, residual stresses and other defects will be inevitably in the CFRP composites installed by layer-by-layer manual operation.
Two correction coefficients are defined to modify the linear ROM. A modified rule of mixtures (MROM) can be given as, (8) where, uts and em are the correction coefficients of UTS and EM for CFRP composites. In fact, two correction coefficients are the ratio of the experimental value to the prediction of ROM, in Table 6 . 
where, η uts and η em are the correction coefficients of UTS and EM for CFRP composites. In fact, two correction coefficients are the ratio of the experimental value to the prediction of ROM, in Table 6 .
The following expressions for two correction coefficients are derived by fitting, as in Fig. 14 Substituting quations (9) and (10) into equations (7) The following expressions for two correction coefficients are derived by fitting, as in Figure  14 and Figure 15 . So, the coeficients of UTS and EM are calculated as following, n 3077 . 0 exp 3738 . Number of layers Correction coefficient of EM Figure 15 Regression analysis of correction coeficient of EM and CF layer number Substituting quations (9) and (10) into equations (7) and (8) 
To ROM and MROM, two models are quite similar. However, the former is based on the theoretical derivation and linear elastic hypothesizes; the latter is based on experimental data and oriented to engineering practice. MROM follows the advantages of the traditional ROM with a clear physical concept and a simple expression, and determines the characteristic values of mechanical parameters for CFRP composites precisely, especially for composites in the CFRP reinforcement system.
CONCLUSIONS
It is well known that the mechanical properties of CFRP composites are significantly dependent on the preparation process. In civil engineering, CF fabric is usually bonded manually onto the surfaces of existing structural elements to enhance the load capacity ductility of buildings and bridges. Therefore, how to determine the mechanical parameters of handmade CFRP composites becomes a key issue for the relevant studies and engineering practices. A tensile program is conducted to study the mechanical properties of CFRP composites in the externally bonded strengthening system. Experimental results indicate that all specimens strongly perform the linear-elastic behavior, and are much higher than that of mild steel in the fibre direction. Experimental results also show that the volume fraction of fibre increases slightly with the increasing of CF layers. The elastic parameters are just opposite, the UTS reduces rapidly as the CF layers increase, and the URS also declines quickly. The two mechanical parameters indicate that the CF layers in Number of layers Correction coefficient of EM Figure 15 Regression analysis of correction coeficient of EM and CF layer number Substituting quations (9) and (10) into equations (7) and (8) Fig. 15 Regression analysis of correction coeficient of EM and CF layer number CFRP strengthening system are qualified from 2 to 5, and no more than 6 layers, due to the inevitable defects in the manual installation process. The assumptions of ROM are unavailable on the CFRP composites prefabricated by manual layer-bylayer installation in civil engineering. By comparing the experimental data with the predictions of ROM, a modified rule of mixtures (MROM) is suggested to describe the elastic properties of CFRP composite in the parallel direction. This MROM are much more accurate to describe the material parameters of CFRP reinforement system in the strengthening studies and engineering practices.
